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Abstract
The precession of the orbital node of a parti-
cle orbiting a rotating mass is known as Lense-
Thirring effect (LTE) and is a manifestation of
the general relativistic phenomenon of drag-
ging of inertial frames or frame-dragging. The
LTE has already been measured by using the
node drifts of the LAGEOS satellites and
GRACE-based Earth gravity field models with
an accuracy of about 10% and will be im-
proved down to a few percent with the recent
LARES experiment. The Galileo system will
provide 27 new node observables for the LTE
estimation and their combination with the LA-
GEOS and LARES satellites can potentially
reduce even more the error due to the mismod-
eling in Earth’s gravity field. However, the ac-
curate determination of the Galileo orbits re-
quires the estimation of many different param-
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eters, which can absorb the LTE on the orbital
nodes. Moreover, the accuracy of the Galileo
orbits and hence, of their node drifts, is mainly
limited by the mismodeling in the Solar Radi-
ation Pressure (SRP). Using simulated data we
analyze the effects of the mismodeling in the
SRP on the Galileo nodes and propose opti-
mal orbit parameterizations for the measure-
ment of the LTE from the future Galileo ob-
servations.
1 Introduction
In 1918, Lense and Thirring [9] proved that
a particle orbiting around a central body en-
dowed with an angular momentum J experi-
ences a nodal precession Ω˙ according to the
expression
Ω˙ =
2GJ
c2a3(1− e2)3/2 (1)
where a and e are the orbital semimajor axis
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and eccentricity, G is the gravitational con-
stant and c is the speed of light.
One of the main error sources in the estima-
tion of the Lense-Thirring effect (LTE) by us-
ing the nodes of an Earth satellite arises from
the uncertainties in the Earth’s gravity field
model. In particular, the largest errors proceed
from uncertainties in the first even zonal har-
monics of a spherical expansion of the Earth
potential, i. e., J2, J4, J6, ..., and their varia-
tions in time.
The combination of two node observ-
ables in order to remove the influence of
the first even zonal harmonic, J2, on the
node drift was first proposed in [2]. Then,
the two laser-ranged LAGEOS satellites and
the high-accurate Earth gravity field models
based on GRACE observations (f. i., EIGEN-
GRACE02S, EIGEN-GRACE03S, JEM03G),
have provided for the measurement of the LTE
with an accuracy of about 10% [3]. The com-
bination with the new LARES satellite [12]
will allow to eliminate the uncertainties due to
both, J2 and J4, thus being possible to obtain
a measurement of the LTE with an accuracy of
the order of 1% [3].
The Galileo system will provide a new node
observable from a total of 27 satellites, whose
combination with the LAGEOS and LARES
satellites will potentially reduce the uncer-
tainty due to the mismodeling in the Earth
gravity field. However, there are two issues
that greatly impact the LTE measurement with
the Galileo satellites. The first of those is that
the accurate determination of the Galileo or-
bits and their node drift requires the estimation
of many different parameters, such as initial
state vectors, empirical accelerations, clock
offsets, station coordinates, etc, which can ab-
sorb partially or completely the LTE. The sec-
ond issue is that the final accuracy of the es-
timated Galileo orbits is mainly limited by
the mismodeling in the Solar Radiation Pres-
sure (SRP), which constitutes the primary er-
ror source in the determination of the LTE
with the Galileo nodes.
In the present work, the effects of both, the
mismodeling in the SRP and the orbit param-
eterization, on the Galileo node drift deter-
mination are analyzed by means of simulated
Galileo orbits and observations.
2 Simulation of Galileo or-
bits and observations
A set of Galileo orbits and observations cor-
responding to days 1-4 of January, 2008 are
simulated and used in a series of different nu-
merical tests. In the simulation, the EPOS-OC
software (Earth Parameter and Orbit System
Orbit Computation [16]) is used.
The Galileo orbits are simulated accord-
ing to the specifications given by ESA [5],
a Walker 27/3/1 configuration with a semi-
major axis of 29600 km, an inclination of 56
deg, zero eccentricity, a separation between
planes equal to 120 deg and a change of mean
anomaly for equivalent satellites in neighbour-
ing planes of 13.3 deg. The main physical
background models used in the simulations
are presented in Table 1. The corresponding
datasets of Galileo code and phase observa-
tions for a global network of 80 stations are
obtained. In the data simulation and in the sub-
sequent orbit recovery, identical background
models are used and hence, the errors due to
uncertainties in these models are not addressed
in this work.
In EPOS-OC the SRP acceleration r¨ is com-
puted by means of the expression
2
r¨ =
(
A
R
)2 1
m
Frad
R
R
(2)
where A represents the Astronomical Unit
(AU) in meters, m is the satellite mass, R
is the heliocentric vector pointing out to the
satellite with module R and Frad is the di-
rect pressure force computed by means of a
model. For the time being, the SRP models
implemented in EPOS-OC are the ROCK4
model [6] for GPS-type satellites and the can-
non ball or macro models dedicated to specific
non-GPS satellites (f. i., [10]). In our simu-
lations the Galileo satellites were considered
to be GPS-Block-II-like satellites and thus,
the ROCK4 model was applied. The ROCK4
model is recommended by the IERS conven-
tions [11] for the modeling of the SRP ef-
fect. It includes the dimensions and optical
properties of the GPS spacecraft surfaces.
Gravity field EIGEN-6C 12 x 12
[7]
Earth tide IERS Conv. [14]
Ocean tide EOT11a [15]
Atmospheric tide Biancale-Bode [1]
Lunisolar and planetary JPL DE421 [8]
perturbations
Ocean pole tide Desai [4]
Earth Orientation EOP08C04
Parameters
Nutation and precession IERS Conv. [14]
Earth albedo Analytic model
by Heurtel
Table 1: Physical background models used in
the simulation of the Galileo orbits and obser-
vations
In order to account for deficiencies in the
SRP model, the Eq. (2) is multiplied by a
global scaling factor (F0 hereafter) and differ-
ent parameters can also be added, like global
biases in the X, Y and Z directions in a satellite
body-fixed reference system. The influence of
the Earth’s and Moon’s shadow is also consid-
ered.
The creation of a more accurate SRP model
for Galileo will require the knowledge of the
vehicles characteristics in terms of shape, size,
weight and surface optical properties. Then, a
macro model could be adopted for the Galileo
SRP computation, along with an appropriate
attitude model which also accounts for the
yaw turns during satellite midnights (shadow
turns) and noons. As of today, little informa-
tion has been published about the characteris-
tics of the Galileo satellites. Some general fea-
tures taken from [5] are compiled in Table 2.
Bus dimensions 2.7 x 1.1 x 1.2 m3
Solar array span 13 m
Mass 700 Kg
Table 2: Galileo satellite features
3 Optimal parameteriza-
tions for the LTE estima-
tion
According to Eq. (1), the nodal precession
of the Galileo satellites due to the LTE is
1.7 · 10−9 deg/d. This node drift holds for all
27 Galileo satellites of the full constellation.
Figure 1 shows the comparison of two sets of
simulated orbits over a period of 26 h gener-
ated with and without modeling of the LTE.
To measure the LTE from Galileo observa-
tions the nodal drift due to the LTE must be
present in the node positions estimated in a
precise orbit determination process where the
3
Figure 1: Orbital node differences (deg) be-
tween two sets of simulated Galileo orbits
with and without LTE.
LTE is not modeled. This means that the es-
timated node positions without LTE modeling
must differ from the true node positions and
this difference must not be absorbed by the es-
timated parameters. In order to find out under
which circumstances this holds, a set of 26 h of
Galileo orbits and noise-free code and phase
observations are simulated including the mod-
eling of the LTE. Then, the simulated obser-
vations are used to recover the Galileo orbits
without modeling the LTE, thereby estimating
the following parameters:
- Initial orbital elements for each satellite
(position and velocity)
- Empirical accelerations in the along-
track and normal directions (4 coeffi-
cients per arc)
- SRP F0, Y- and Z-bias
- Earth’s albedo scaling factor
- Station coordinates
- Tropospheric delays (10 per satellite-
station pair)
- Phase ambiguities
- Clock offsets
The estimated (without LTE) and simulated
(with LTE) node positions are compared and
the differences analyzed in order to identify
the parameters absorbing the LTE. An opti-
mal parameterization for the LTE measure-
ment must allow to observe the node drift
when comparing the estimated and simulated
orbits.
It was found that the free estimation of the
station coordinates introduces large errors in
the node positions of the order of 10−8 deg
and, as a consequence, the station coordinates
must be either fixed or highly constrained,
what can be done by imposing a set of No-Net-
Translation-Rotation-Scale (NNTRS) condi-
tions on the whole ground network. In addi-
tion, the estimation of empirical accelerations
in the normal direction to the orbital plane ab-
sorbs part of the LTE and consequently, their
estimation must be avoided, with a concurrent
loss in orbit recovery accuracy. Provided that
these two conditions are fulfilled the LT signal
is observed in the differences between the es-
timated and simulated nodes positions, like in
Fig. 2 (a). A linear regression of the node po-
sition differences provides an estimate of the
LTE drift of approximately 1.5 · 10−9 deg/d,
close to the expected value, 1.7 · 10−9 deg/d,
with a standard deviation of 3·10−12 deg/d and
a small post-regression RMS of 9 · 10−11 deg.
In conclusion, this parameterization seems to
be optimal for the LTE estimation from 1-day
Galileo arcs in the sense that the LTE is not
absorbed by the estimated parameters.
An additional test has been performed by
estimating another parameter of the SRP
model, the X-bias, in addition to F0, Y- and Z-
bias. The differences in the node positions are
4
Figure 2: Orbital node differences (deg) between estimated (without LTE) and simulated (with
LTE) Galileo orbits when (a) station coordinates are constrained with NNTRS conditions and
the empirical accelerations in the orbit normal direction are fixed (optimal parameterization),
(b) the X-bias is additionally estimated and (c) the optimal parameterization is applied to noisy
observations.
presented in Fig. 2 (b). In this case the LT sig-
nal has been absorbed for some satellites and
hence, the estimation of the SRP X-bias must
be avoided. This can be safely done, since the
estimation of the X-bias does not introduce a
significant improvement in the accuracy of the
recovered orbit and therefore is usually dis-
missed.
The results obtained when applying the op-
timal parameterization to noisy observations
are also analyzed. For this purpose, a Gaus-
sian noise has been introduced to the simu-
lated observations with standard deviations of
50 cm for code and 3 mm for phase ranges.
The differences between estimated and simu-
lated node positions are shown in Fig. 2 (c). In
this case, the node drifts due to the LTE is hid-
den behind the large noise. In fact, the RMS
of the node differences is about 2.7 · 10−9 deg,
quite larger than the expected node displace-
ment from the LTE for 1 day, i. e., 1.7 · 10−9
deg/d. Therefore, in order to obtain a more
precise estimation of the LTE, longer arcs
shall be used, f. i. with 3-day arcs the LTE
amounts to 5.1 · 10−9 deg/d, which is signifi-
cantly larger than the noise mentioned before.
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Figure 3: Orbital node differences (deg) between estimated (without LTE) and simulated (with
LTE) 3-day Galileo orbits when (a) the optimal parameterization for 1-day arcs is applied,
(b) the Earth albedo is additionally fixed (optimal parameterization for 3-day arcs) and (c) the
optimal parameterization for 3-day arcs is applied to noisy observations.
Thus, for the next tests, 3-day Galileo or-
bits and noise-free observations are simulated
with modeling of the LTE. Then, the Galileo
orbits are estimated without modeling the LTE
from the observations by applying the opti-
mal parameterization for 1-day arcs. The same
number of empirical coefficients are estimated
for the 3-day arcs as for the 1-day arcs. The
differences between the estimated and simu-
lated node positions are presented in Fig. 3 (a),
where it can be observed that the LT signal
is absorbed for some satellites and hence, the
optimal parameterization for 1-day arcs is not
suitable for 3-day arcs.
The parameters absorbing the LTE are iden-
tified as the SRP Y-bias and the Earth’s albedo
scaling factor. Fixing either of them results in
a perfect recovery of the LTE, as shown in
Fig. 3 (b). Nevertheless, fixing the Y-bias to an
incorrect value would introduce large errors in
the node positions and has to be avoided. On
the contrary, the influence of Earth’s albedo
on the Galileo orbits is very small and there-
fore can safely be neglected. Consequently,
the optimal parameterization for 3-day arcs
coincides with that for 1-day arcs with the ex-
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ception of the Earth’s albedo scaling factor,
which must be fixed for the 3-day arcs.
Finally, the optimal parameterization for
3-day arcs is applied to noisy observations,
the differences in the node positions are in
Fig. 3 (c). The linear regression provides a
trend of 1.7 · 10−9 deg/d, with an RMS of
1.0 · 10−9 deg, 5 times smaller than the to-
tal displacement of the Galileo nodes due to
the LTE after 3 days. In conclusion, the 3-day
arcs in combination with the optimal parame-
terization proposed here seem suitable for the
precise measurement of the LTE from noisy
Galileo observations in absence of other mod-
eling errors. Then, using real Galileo obser-
vations and estimated orbits, the LTE will be
measured as the difference between the esti-
mated node positions in the overlap of two
consecutive Galileo orbital arcs. Assuming a
precision of the estimated node positions at the
level of the RMS, this is 1.0 · 10−9 deg for 3-
day arcs, the combination of 27 node observ-
ables to compute the difference in the overlap
yields a precision of 1.0 · 10−9 · √2/√27 =
0.27 · 10−9 deg for the LTE estimation. Thus,
a precision of about 5% of the LTE would
be reached with two 3-day Galileo arcs. Simi-
larly, the average of LTE estimations obtained
in a series of n overlaps increases the precision
by a factor 1/
√
n. Thus, in order to achieve a
precision in the LTE estimation of 1%, a min-
imum of 30 Galileo 3-day arcs need to be pro-
cessed.
The optimal parameterization has been ver-
ified with real GPS data through the esti-
mation of a 3-day GPS orbit in two differ-
ent cases: with and without modeling of the
LTE. The differences in the node positions be-
tween the two sets of estimated orbits are in
Fig. 4 and show a drift of the GPS nodes of
about 2.1 · 10−9 deg/d, close to the theoretical
Figure 4: Orbital node differences (deg) be-
tween estimated 3-day GPS orbits with and
without modeling the LTE when the optimal
parameterization is applied.
value of 2.3 · 10−9 deg/d. This means that this
optimal parameterization allows to observe the
LTE in the GPS nodes provided that there are
no errors in the background models and the
nodes are accurately estimated to the few 10−9
deg level. This however is difficult to achieve
mainly due to SRP modeling errors.
4 Effects of the SRP on the
Galileo nodes
In this section we analyze the effects of the
SRP on the Galileo nodes and the errors in
the estimated nodes due to mismodeling of
SRP. For that purpose, a set of Galileo orbits is
simulated by including various parameters of
the SRP model, then they are compared to a set
simulated without SRP model. In first place a
set of Galileo orbits with F0 equal to 1 and X-,
Y- and Z-biases equal to 0 is tested. The effect
is shown in Fig. 5 (a). A periodical displace-
ment of the node is observed with an ampli-
tude of up to 3 · 10−5 deg and a period equal
to a complete revolution of the Galileo satel-
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lites. Moreover the SRP introduces a drift of
7·10−9 deg/d, about twice the level of the LTE.
The effects due to the presence of the X-,
Y- and Z-bias (all simulated with magnitude
10−10 m/s2) are shown in Figs. 5 (b), (c) and
(d) respectively. It can be observed that the X-
and Y-bias yield a significant trend of up to
6 · 10−8 deg/d and up to 1 · 10−7 deg/d re-
spectively, in both cases depending on the or-
bital planes. Conversely, the Z-bias produces
a periodical displacement of the node with an
amplitude of 2.5 · 10−8 deg and a period of
one revolution. The resulting node drift due to
the Z-bias is 5 · 10−12 deg/d only. In summary,
the SRP parameters must be handled carefully,
since they can introduce large errors in the
node thus easily masking the sought for LTE.
As a next step, the error in the estimated
nodes due to the mismodeling in the SRP is
analyzed in two different cases. In the first
case 1 day of Galileo orbits and observations
are simulated with F0 = 1 and the orbits are re-
covered from the observations by fixing F0 =
1.2. This represents a deliberate error of 20%
of the full SRP model coming from a mis-
modeling in the satellite area, mass, surface
properties, etc. In GPS orbit determination F0
varies periodically ranging from 0.5 to 1.5 or
even more and hence, an error of 20% seems
realistic. No X-, Y- and Z-biases are consid-
ered in this first case and the optimal parame-
terization for 1-day arcs is used in the recov-
ery. Like in the previous tests the LTE is intro-
duced in the data simulation but it is not mod-
elled in the recovery of the orbits. The differ-
ences in the node between estimated and sim-
ulated orbits are presented in Fig. 6 (a). A peri-
odical error with a magnitude of up to 1 · 10−7
deg is clearly observed, the node drift due to
the LTE is not visible. As a consequence, the
global scaling factor of the SRP model shall
not be fixed or highly constrained, but rather
estimated. The estimation of F0 absorbs the
deficiencies in the SRP model and does not af-
fect the measurement of the LTE, as shown in
Section 3.
In a second case, the Galileo orbits and ob-
servations are simulated by including Y- and
Z-biases in the SRP model and an increasing
F0 from the beginning to the end of the arc, ac-
cording to the values given in Table 3. These
values are realistic since they are obtained
from the determination of GPS orbits. In the
subsequent estimation of the Galileo orbits, F0
is fixed to 1 and the Y- and Z-biases are fixed
to 0. The differences between estimated and
simulated nodes are shown in Fig. 6 (b). This
time, the errors observed in the estimated
nodes reach more than 1 ·10−7 deg mainly due
to the mismodeling of the Y- and Z-bias, the
LT node drift is not visible. Thus, the Y- and
Z-bias of the SRP shall not be fixed but rather
estimated since fixing them to incorrect values
introduces errors in the node position two or-
ders of magnitude larger than the LTE.
parameter value
F0 0.999 - 1.001
(total variation = 0.002)
Y-bias -0.59600E-10
Z-bias -0.13400E-07
Table 3: SRP parameters as obtained from
GPS orbit determination and used in the sim-
ulations
Finally, to analyze the effects of the SRP de-
pending on the satellite surface properties, a
test is performed by using a macro model for
the Galileo satellites. A macro model (some-
times also called box-wing model in the liter-
ature) takes into account the size and reflec-
tion properties of each surface of the satel-
8
Figure 5: Effect of the SRP on the Galileo nodes of simulated orbits (deg) when the following
parameters are considered: (a) F0 only, (b) X-bias only, (c) Y-bias only and (d) Z-bias only.
lite. The Galileo attitude model is neglected
here. It must be stressed however, that the atti-
tude model is critical for the computation of
the SRP effects on the Galileo orbits, since
their panels are continuously reoriented to face
the Sun. Thus, the results obtained here are
a simplification of the real behaviour of the
Galileo nodes.
According to different illustrations of the
Galileo satellites (e. g. [5] or [13]), two differ-
ent sets of parameters are set up, correspond-
ing to two different satellite coatings, a gold
coating and a silver (similar to aluminium)
coating. The parameters of the macro mod-
els used are summarized in Table 4. It can be
noted that the differences of the coefficients
due to the choice of the coating amounts to
25% already. This will directly transfer into
the SRP modeling and corresponds roughly
with the uncertainties of the SRP model used
in the above. The effect on the nodes due to the
choice between the two different coatings can
be observed in Fig. 7. The node differences
are tremendous reaching 2.8 · 10−7 deg peak
to peak. In the end however, in Galileo orbits
estimation the error due to a wrong choice of
the surface coating will be reduced by the es-
timation of certain SRP parameters.
In conclusion, the measurement of the LTE
with the Galileo nodes requires an accurate
9
Figure 6: Orbital node differences (deg) between estimated (without LTE) and simulated (with
LTE) Galileo orbits (a) with an error in F0 of 20% and (b) with an error in F0, Y- and Z-bias.
Surface Area Refl. coeff. visible(m2) gold silver
geom diff geom diff
bus top 1.32 0.14 0.56 0.18 0.72
bus bottom 1.32 0.14 0.56 0.18 0.72
bus left 2.75 0.14 0.56 0.18 0.72
bus right 2.75 0.14 0.56 0.18 0.72
bus front 3.00 0.14 0.56 0.18 0.72
bus back 3.00 0.14 0.56 0.18 0.72
panel left 11.70 0.04 0.16 0.04 0.16
panel right 11.70 0.04 0.16 0.04 0.16
Table 4: Macro model parameters for the
Galileo satellites based on gold and silver
coatings.
SRP model for what it is essential to know
the Galileo vehicles shape and surface proper-
ties. Also some model parameters such as F0,
the Y- and Z-biases need to be estimated. The
uncertainty arising from the SRP model is
unavoidable, however a significant reduction
could be achieved only if the Galileo satel-
lites would be equipped with accelerometers,
which measure all non-conservative forces
acting on the satellites.
Figure 7: Orbital node differences (deg) be-
tween simulated orbits considering gold or sil-
ver/aluminium coatings.
5 Discussion and Conclu-
sions
Using simulated Galileo orbits and observa-
tions, the effect of the orbit parameterization
on the detection of the LTE and the effects of
SRP on the Galileo nodes are analyzed.
The best parameterizations for the LTE esti-
mation with 1-day and 3-day Galileo orbits are
proposed. It is shown that the best parameter-
ization depends on the arc length. In general,
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the station coordinates cannot be freely esti-
mated but they must be fixed or highly con-
strained, f. i. by imposing a set of NNTRS
conditions. In addition, the empirical acceler-
ations in the normal direction to the orbital
plane and the X-bias of the SRP model must
not be estimated, since they absorb the LT sig-
nal in the orbital nodes. When processing 1-
day arcs, the SRP parameters (F0, Y- and Z-
bias) and the Earth’s albedo scaling factor can
simultaneously be estimated, however with 3-
day arcs the Earth albedo must be fixed. These
optimal parameterizations allow to estimate
the LTE from noise-free observations provided
that there are no errors in the background mod-
els. The possible errors due to the mismod-
eling of the background models shall be an-
alyzed in future tests.
The 3-day arcs in combination with the op-
timal parameterization seem suitable for a pre-
cise estimation of the LTE from noisy Galileo
observations, since the noise in the estimated
nodes is 5 times smaller than the total dis-
placement of the node due to the LTE after
3 days. In the future this must be confirmed
with real Galileo observations. Then, assum-
ing no errors in the background and SRP mod-
els, the LTE seems to be estimable from real
Galileo data with a precision of 1% by using
the nodes of 27 satellites and a minimum of
30 3-day arcs, again assuming no errors in the
background models.
The SRP introduces large periodical dis-
placements on the Galileo nodes, four orders
of magnitude larger than the LTE. The devi-
ations mainly cancel out after each complete
revolution. The resulting node drift is twice
the value of the LTE. In addition, the presence
of X- and Y-biases produces significant nodal
drifts, two orders of magnitude larger than the
LTE depending on the orbital plane. The Z-
bias introduces small periodical effects and an
insignificant node drift. Fixing the SRP pa-
rameters (F0, Y- and Z-bias) to incorrect val-
ues yields large errors in the estimated nodes.
Hence, these parameters shall not be fixed or
highly constrained in the estimations, allow-
ing them to absorb the deficiencies in the SRP
model. The choice of wrong reflectivity co-
efficients of the surface of the satellites can
give place to deviations of the nodes of up to
two orders of magnitude larger than the LTE,
which in the end can be reduced by the esti-
mation of certain SRP parameters.
As a consequence, the measurement of the
LTE by using the Galileo nodes requires an ac-
curate SRP model, like f. i. a macro model
fitted to the shape, size, weight and surface
properties of the Galileo satellites. The macro
model needs to be accompanied by an ap-
propriate attitude model. The SRP parameters
shall be estimated (F0, Y- and Z-bias), allow-
ing them to absorb the deficiencies of the SRP
model.
Acknowledgements
The authors wish to thank the European
Space Agency for supporting this research
under the ESTEC project ”Space Tests
of General RElativity Using the GAlileo
Constellation (REGAL)”, contract No.
4000103504/2011/NL/WE.
References
[1] R. Biancale and A. Bode. Mean an-
nual and seasonal atmospheric tide mod-
els based on 3-hourly and 6-hourly
ECMWF surface pressure data. Scien-
11
tific Technical Report. STR 06/01, Ge-
oForschungsZentrum, 33. Technical re-
port, GFZ, 2006.
[2] I. Ciufolini. Measurement of the Lense-
Thirring drag on high-altitude, laser-
ranged artificial satellites. Phys. Rev.
Lett., 56:278–281, 1986.
[3] I. Ciufolini, A. Paolozzi, E. C. Pavlis,
J. Ries, R. Koenig, R. Matzner, G. Sin-
doni, and H. Neumayer. Testing gravi-
tational physics with satellite laser rang-
ing. Eur. Phys. J. Plus, 126:72, 2011.
[4] S. Desai. Observing the pole tide with
satellite altimetry. J. Geophys. Res., 107
(C11):3186, 2002.
[5] ESA. Navigation Website:
http://www.esa.int/esaNA/galileo.html,
2012.
[6] H. F. Fliegel, T. E. Gallini, and E. R.
Swift. Global Positioning System Radi-
ation Force Model for Geodetic Applica-
tions. J. Geophys. Res., 97(B1):559–568,
1992.
[7] C. Foerste, S. Bruinsma, R. Shako,
J. C. Marty, F. Flechtner, O. Abrikosov,
C. Dahle, J. M. Lemoine, H. Neumayer,
R. Biancale, F. Barthelmes, R. Koenig,
and G. Balmino. EIGEN-6 A new com-
bined global gravity field model includ-
ing GOCE data from the collaboration
of GFZ-Potsdam and GRGS-Toulouse.
In EGU General Assembly 2011, April
2011, Vienna, Austria., 2011.
[8] W. M. Folkner, J. G. Williams, and
D. H. Boggs. The Planetary and Lu-
nar ephemeris DE 421 - IPN Progress
Report. Technical report, JPL - NASA,
2009.
[9] J. Lense and H. Thirring. Phys. Z., 19,
156, 1918.
[10] J. A. Marshall, P. G. Antreasian, G. W.
Rosborough, and B. H Putney. Mod-
elling radiation forces acting on satellites
for precision orbit determination - AAS
91-357, NASA Technical Memorandum
104564. Technical report, NASA, 1992.
[11] D. D. McCarthy. IERS Technical Note
21. IERS Conventions. Technical report,
IERS, 1996.
[12] LARES Mission. Website:
http://www.lares-mission.com/, 2012.
[13] OHB. Website: http://www.ohb-
system.de, 2012.
[14] G. Petit and B. Luzum. IERS Conven-
tions. Technical report, IERS, 2010.
[15] R. Savcenko and W. Bosch. EOT11a - a
new tide model from Multi-Mission Al-
timetry. In OSTST Meeting, October 19-
21, San Diego, 2011, 2011.
[16] S. Zhu, C. Reigber, and R. Koenig. Inte-
grated adjustment of CHAMP, GRACE,
and GPS data. J. Geod, 78(1-2), 2004.
12
